Abstract: This study examines the relationship between the emotions of mothers and fetal development and explores the modifying effect that family income has on this relationship. Socio-demographic information, maternal depression, stress, positive and negative emotions, and maternal-fetal attachment data were collected at 16-20 weeks of pregnancy. Data on fetal body weight and biparietal diameter indicating fetal development were collected at 33-35 weeks to observe the longitudinal effects of mothers' emotions on fetal development. We divided subjects into two groups: those with more than 150% of the median income were classified as the high-income group and less than 150% as the middle-income group. T-test, correlation analysis, and multiple regression analysis on maternal emotional status and fetal development were performed for each group. A positive correlation was found between maternal-fetal attachment and negative emotion that was associated with the biparietal diameter and fetal body weight only in the middle-income group. Results of the multiple regression analysis were statistically significant, indicating that maternal-fetal attachment was associated with fetal weight. These results show that the management of subjective emotion is associated with healthy development of the fetus and contributes to health equity.
Introduction
According to Jean-Jacques Rousseau's theory of the origin of human inequality, over the years, humans have been unable to distinguish between their original nature and the one changed by society. Human beings experience two inequalities: genetic inequality and socially induced inequality. Inequality is caused by the notion of ownership and the desire for self-preservation [1] . As society develops, humans in unequal structures do not know how these inequalities may have affected them, and it is difficult to comprehend how lifestyles, eating habits, and the various emotions they experience affect their health. From this perspective, this study aims to identify where inequality starts.
We explored the relationship between socioeconomic and health inequities so we could use it to understand the actual cause of health differences and apply our insights to nursing interventions and policies. Social class structures may be a direct cause of the health outcomes that we are interested in, or an indirect variable that explains the causal relationship. Nursing practice should apply the principle of justice for the health of the entire population, and the influence of socioeconomic factors cannot be overlooked. In this study, we investigated the difference in maternal mental health, maternal-fetal attachment (MFA), and fetal development according to social class to improve the understanding of the health differences of pregnant women at different income levels.
There have been several investigations into how the prevalence of depression, anxiety, and stress vary according to socioeconomic level and affect both, the mother and child [2, 3] . Factors affecting mothers' mental health during pregnancy are as follows: individual factors, personal experiences, pregnancy-related factors, relationship factors, social conditions, and material conditions including poverty, lack of employment, and unstable housing [4] . In addition, in one path analysis, household income of pregnant mothers was the most influential indirect factor affecting maternal mental health [5] . Indeed, low-income countries are more likely to have higher rates of maternal depression and anxiety than are high-income countries [6] .
Although the number of articles related to the emotional state of pregnant women during and after pregnancy has been increasing since 2000 [7] , there is still very little scientific understanding of how pregnant women's emotional states affect actual fetal development. It has been reported that high cortisol levels and depressed and anxious states slow the intrauterine growth and MFA [8] . Adequate maternal weight gain during pregnancy [9] is associated with intrauterine growth. However, studies on the relationship between fetal development and MFA are hard to find. One previous study has shown that MFA negatively affects fetal development in early, mid, and late pregnancies, but it did not explain the mechanism underlying the results [8] .
There are two primary aims of this study: (1) To investigate whether a mother's emotional state varies according to socioeconomic level; (2) To study longitudinal effects of how a mother's emotions are associated with fetal development by repeated measures according to income level. Understanding whether there are emotional inequalities due to socioeconomic factors and the relationship between maternal emotion and fetal development will provide new knowledge for developing adequate prenatal care.
Materials and Methods

Research Objectives
This study used a longitudinal, prospective cohort design to examine the association between maternal emotions and fetal development with subgroup analysis by household income level.
Study Sample
A total of 161 pregnant women between 16-20 weeks of pregnancy were recruited from July 2017 to December 2018 and were followed up until 33-35 weeks of pregnancy. A total of 161 pregnant women were recruited. After excluding 40 dropouts (25%), 121 participants' data were used in the final analysis. Twelve patients were transferred to other hospitals, two underwent abortion, and the others refused to participate in the study. The participants were recruited at a maternity hospital in Jeonju, South Korea. A research assistant with a registered nurse license checked the medical history and hospital records of the participants who met the inclusion criteria. The inclusion criteria were: (1) agreeing to participate in the study; (2) being primiparous; (3) having no underlying diseases (hypertension, diabetes, heart disease, thyroid disease); and (4) being pregnant with no experience of depression and anxiety. In addition, the exclusion criteria eliminated those with: (1) high-risk pregnancy (including placenta previa, preeclampsia, gestational diabetes, and high spontaneous abortion risk); (2) preterm birth (childbirth before 37 weeks of pregnancy), stillbirth, and abortion.
Procedure
This study was approved by Seoul National University institutional review board (IRB No. 1707/003-004). Prior to data collection, we received informed consents from the participants, and they were advised that they could drop out of the study at any time. Data were measured twice at 16-20 weeks (T1) and 33-35 weeks (T2) of gestation. The collected data were stored with a random number for anonymity and privacy, except from the responsible researchers and research assistants. Socio-demographic information, maternal depression, maternal stress, positive and negative emotion status, and MFA data were collected at 16-20 weeks of pregnancy. Data on fetal body weight and biparietal diameter (BPD) indicating fetal development were collected at 33-35 weeks to observe the longitudinal effects of mothers' emotions on fetal development.
Variables
Independent Variables
Structured questionnaires were used for this study. Socio-demographic information was collected: household income, maternal age, gestational age, and parental occupation status.
Maternal Depression
Prenatal depression was measured using the Edinburg Postnatal Depression Scale (EPDS) developed by Cox, Holden, and Sagovsky [10] , which was adapted by Yeo [11] . In particular, EPDS has been developed to screen postpartum depression, and now is widely used to measure prenatal depression. It is composed of 10 simple items, is easy to conduct and interpret, and has the advantage of good reliability and validity regardless of the cultural context. The descriptive self-rating scale has a score ranging from 0 to 30 on a 4-point (0 = no depression; 3 = high depression) Likert scale. A score of 12 or less indicates no risk for depression, while 13 or more is considered to indicate a risk for depression. Internal reliability in this study was 0.765.
Maternal Stress
Ahn's maternal stress scale was used [12] , which consists of 9 items about stress regarding fetal health and child care after birth, 11 about stress for the mother herself, and 6 about stress related to spouse. The self-reported 5-point Likert scale (1 = low stress to 5 = high stress) had a score ranging from 26 to 130 points. The higher the score, the higher is the perceived stress. Internal reliability in this study was 0.905.
Maternal Emotions
The Positive and Negative Affect Schedule (PANAS) developed by Watson [13] and adapted by Park [14] was used in the study. Positive and negative emotions are both evaluated with 10 items, each on a 5-point scale (0 = feel the emotion weakly to 4 = feel the emotion presented strongly). The higher the total positive and negative emotional scores, the higher is the intensity of the emotion. Internal reliability in this study was 0.871 for the Positive emotion subscale and 0.807 for the Negative emotion subscale.
Maternal-Fetal Attachment
Cranley, a researcher who created the theoretical construct of MFA, defined it as "the extent to which women engage in behaviors that represent an affiliation and interaction with their unborn child." Cranley developed the first Maternal Fetal Attachment Scale [15] , which was revised by Lee [16] and used in the study. The questionnaire consists of 16 items regarding expectations and efforts for the health of the baby that are considered appropriate for measuring attachment at the beginning and end of pregnancy. The higher the total score, the higher the MFA. It is composed of four subscales: (i) anticipation of interaction with the baby; (ii) interaction with the fetus; (iii) giving of self; and (iv) choice of name. Internal reliability in this study was 0.798.
Serum Cortisol Level
Cortisol is a steroid hormone released by the adrenal glands and involved in stress and the fight-or-flight reaction. Adults have normal range of cortisol levels of 5 to 25 µg/dL in the morning to mid-day, but it increases during pregnancy. In the second trimester of pregnancy (13~26 weeks), cortisol level ranges from 10 to 42 µg/dL, and in the third trimester of pregnancy (27~40 weeks), it ranges from 12 to 50 µg/dL [17] . All venous blood samples were collected from the mothers from 9 a.m. to mid-day on the day of the clinical examinations and processed at the laboratory of the hospital. Total cortisol in serum was determined by radio-immunoassay and defined in µg/dL. No systematic differences in the time that the blood samples were collected were noted between participants.
Dependent Variables
Fetal weight and BPD assessed by ultrasound have been used successfully to assess fetal development [18] . Ultrasonography was performed at each time point: 16-20 weeks of pregnancy and 33-35 weeks of pregnancy by trained gynecologists. Fetal weight and BPD were measured accurately with an abdominal probe and were recorded by gynecologists and registered nurses.
Covariates
Patient characteristics associated with fetal development were regarded as covariates. Two associated factors were considered as confounders of outcome measure based on prior studies: gestational age and maternal weight gain during pregnancy [9] .
Data Analysis
To describe the characteristics of the study population and key variables, frequency, means, and standard deviation were obtained. In order to analyze the correlation between maternal emotions and fetal development according to the aims of research, participants with more than 150% of median income were classified as the high-income group (≥4,220,000 Korean Won per month; approximately 3793 USD per month) and 50% to less than 150% as the middle-income group (1,400,000 < X < 4,220,000 Korean Won per month). This division was based on the median income of 2017 for a family of two as set by the Ministry of Health and Welfare, South Korea [19] . First, a t-test was performed to compare differences between the two groups at each time point. Second, correlation analysis of maternal emotional status at 16-20 weeks of pregnancy (T1) and fetal development at 33-35 weeks of pregnancy (T2) was performed for each group. Last, in order to examine the factors associated with fetal development (fetal body weight) at 33-35 weeks of pregnancy, we used multiple linear regression analysis. In selecting variables, we used the forced enter method for the variables of cortisol, mother's occupation status, maternal weight gain, and gestational age based on the literature review. We entered the income level variable not only as an interaction term with the mother's emotional variable but also as an independent variable to examine the influence on fetal development. The final model was fitted by comparing the p-value of the variables and explanatory power of each model. After choosing the variable, multicollinearity was diagnosed using the variance inflation factor value. A bootstrapping method was used to obtain a valid 95% confidence interval and standard error. The missing value of household income (7 missing value), BPD (1 missing value), and cortisol (4 missing value) measured at 33-35 weeks were imputed by regression analysis based on parental occupation, fetal weight, and gestational age, and cortisol levels measured at 16-20 weeks, respectively. Boxplot, Cook's distance, and the standardized residual value were checked and three outliers over the 2.58 standardized residual data were removed to adjust skewed distribution. Confidence intervals (CI) and P values (smaller than 0.05) were used for assessing the significance.
Results
As Table 1 reveals, the average age of mothers was 29.74 years (SD = 3.94) in the middle-income group, and 30.24 years (SD = 3.54) in the high-income group for which the proportion of mothers with jobs was 87.8%-higher than that of the middle-income group (37.4%). Of pregnant women, 59% were under the 150% median income (middle-income group), and 41% were above it (high-income group). The average maternal weights were 59.76 kg and 69.79 kg at 16-20 weeks and 33-35 weeks of pregnancy, respectively. Cortisol was in the normal range of 10-42 µg/dL in 16-20 weeks of pregnancy (12.66, middle-income group; 12.18, high-income group), and the mothers' mean cortisol levels were in the normal range of 12 to 50 µg/dL during 33-35 weeks of pregnancy (24.53 µg/dL; middle-income group, 23.44 µg/dL; high-income group) [17] . According to World Health Organization's longitudinal data on fetal development, mean fetal weight and BPD in this study fall within the normal range of the relevant gestational age [20] . T-tests and chi-square tests did not show any significant differences in the general characteristics of the two groups except mother's employment status. Notes: ** p < 0.01. Table 2 presents the results of t-tests on maternal emotional status and fetal development by group. The groups were significantly different in the measures of depression (t = 3.630, p < 0.01) and stress (t = 2.323, p < 0.05) at 16-20 weeks of pregnancy. There was no statistically significant difference between the two groups in the mean of fetal weight, BPD, or emotional state at 33-35 weeks of pregnancy. The results of the correlational analysis between maternal emotion and fetal development by household income group are presented in Table 3 . What stands out in the table is that only the middle-income group showed significant positive correlations with fetal weight and BPD at 33-35 weeks of pregnancy and the mother's negative emotion and MFA level at 16-20 weeks. Increased negative emotions of mothers corresponded to lower fetal weight (r = −0.256, p < 0.05) and BPD (r = −0.380, p < 0.01). Moreover, higher MFA level correlated to higher fetal weight (r = 0.241, p < 0.005) and BPD (r = 0.286, p < 0.05). In the middle-income group, cortisol levels at 33-35 weeks were negatively correlated with fetal body weights at 33-35 weeks (r = −0.256, p < 0.05). Although statistical significance was confirmed only in the high-income group, negative emotions and MFA showed a negative correlation (r = −0. 329, p < 0.05). The results of the multiple regression analysis of fetal development are presented in Table 4 . We considered gestational age and maternal weight gain during pregnancy as covariates based on literature review. In the process of constructing regression model, the household income variable was included as an independent variable and as interaction terms with the mother's emotional variables. However, the interaction terms were not statistically significant and lower the explanatory power of model. The final regression model was confirmed which has the highest explanatory power focusing on the important variable in the review of precedent research. Therefore, the final model consisted of variables of covariates (gestational age and maternal weight gain), household income, mother's occupation status, cortisol level at third trimester, MFA and mother's positive emotion at second trimester. F-test results of the regression model was significant at the significance level of < 0.001. The value of Durbin-Watson was close to 2 (Durbin-Watson = 1.72), so we assumed that there were no correlations between the residuals. In the regression model, the MFA was statistically significant (b = 7.567, p < 0.01) and the regression coefficient was positive. Therefore, we can assume that the MFA would have a positive association on fetal development. Neither the cortisol level, the mother's job status, nor maternal positive emotion were associated with fetal development. All VIF values were less than 10 and there was no problem of multi-collinearity. 
Discussion
The discourse on human rights refers to the discussion about how to preserve and protect certain minimal rights necessary for all individuals to enjoy a high quality of life. More recently, the right to health has been included in quality of life measurements from a maximalist point of view expanding human rights beyond food, water, and housing. The right to health emerged from efforts to solve health problems such as poverty, starvation, and death due to diseases by providing medical and health care systems to satisfy the minimum conditions under which humans can live [21] . Health as a right cannot be attained only by meeting the conditions of survival, but it is a problem that requires political, cultural, and community approaches rather than individual efforts. Individual health is influenced not only by the health care system but also by various complex factors such as lifestyle, education, and socioeconomic inequality. Prior studies have noted the importance of maternal mental health during pregnancy, which can be affected by education, social support, violence, and prenatal care, depending on income level [5] . Therefore, this study aimed to identify whether mothers' emotions and MFA are associated with the development of the fetus during pregnancy by income level.
Consistent with the literature review, in the middle-income group, depression and stress were found to be statistically significantly higher than that in the high-income group, and positive emotions and MFA were lower than that in the high-income group even though there was no statistical significance. Depressive mood has recently been found to be similar between pregnant women and similarly aged non-pregnant women [22] . However, stress levels and depression during pregnancy are associated with premature birth, low birth weight, and intrauterine growth retardation (IUGR) [23] , and such diagnoses may also be associated with an infant's allergic response after childbirth [24] . Therefore, more preventive management is needed. Depression, anxiety, and stress have shown higher prevalence rates in developing countries, suggesting that socioeconomic levels may affect pregnant women's emotions [6] .
A fetus' attachment with the mother is its first human relationship. Rubin [25] notes that the immediate attachment of newborns with mothers is the result of their previous attachment during pregnancy, and pregnancy is the beginning of the process of acquiring the role of the mother. Recent systematic review of the literature suggests that depression, anxiety, and substance abuse are factors that reduce fetal attachment and that factors associated with higher socioeconomic status, such as access to appropriate prenatal care or stable family relationships, are highly associated with MFA [26] . In this study, although statistical significance was confirmed only in the high-income group, negative emotions and MFA were negatively correlated. Previous studies have also shown that MFA levels decrease as the mother has negative emotions, but there were no significant correlations between MFA, abortion, prematurity, and IUGR. Previous research also showed no statistically significant correlation with MFA and abortion, prematurity, or IUGR [27] .
In a study by Kwon and Bang [28] , the relationship between MFA level and fetal body weight was statistically insignificant. However, it is interesting to note that the correlations between maternal attachment and negative emotions were found to be associated with fetal development in middle-income groups. A possible explanation for this might be that adequate maternal care and routine screening are possible in the case of the high-income groups because of the abundance of available resources, regardless of the mother's emotions. However, in the case of the middle-income group, the mothers' emotions influenced the mother's self-care and behavior of caring for the fetus during pregnancy more than that in the high-income group. As stated above, increased negative emotions among pregnant women may lead to lower MFA and result in unhealthy behaviors, such as inappropriate nutrition, smoking, and lack of regular checkups.
One unanticipated finding was that there was no statistically significant correlation between depression and fetal weight in this study, but Diego et al. [29] found a correlation between intrauterine growth rate and depression. The theory that explains this is that cortisol levels increase in depressed mothers and 10-20% of the cortisol passes through the placenta to stimulate the fetal hypothalamic-pituitary-adrenal axis and dysregulate the fetal autonomic nervous system, resulting in high calorie consumption. In the mid-trimester, high cortisol levels may reduce intrauterine arterial flow and be associated with spontaneous preterm birth and fetal growth retardation [30, 31] . In general, cortisol in pregnant women is higher than that in non-pregnant adult women under normal conditions and increases toward the end of pregnancy [8, 32] . Previous studies have reported a negative correlation between cortisol and fetal development [8, 29] . In the present study, we found that the direction of the correlational relationship was negative but statistically insignificant.
Inequality in early life can lead to cumulative and latent health effects. Therefore, it is necessary to analyze the longitudinal effects by comparing previous living conditions in order to explain the present health differences considering the lagged exposure [33] . Based on this logic, we conducted a multiple regression analysis on fetal development during the third trimester of pregnancy through mothers' emotional status in the second trimester of pregnancy as well as their occupational status. Income levels were found to be statistically insignificant in this regression model. Participants described their household income in units of 500,000 won rather than with continuous data. Thus, the self-response data of household income might not have been clear. Therefore, further studies may be needed that measure household income more accurately, such as by using health insurance fees. In Scotland and Spain, the prevalence of IUGR was higher when the mother held a blue-collar job than a white-collar job [32, 33] . In several epidemiological studies, strenuous physical labor has been reported to cause premature birth or IUGR, but "strenuous" refers to such work as prolonged standing. Thus, as with the findings of this study, results suggest that the presence or absence of an occupation for mothers may be less likely to contribute to IUGR. Further research on the effects of occupations is required to examine the type of work and the working environment. There are very few studies on MFA as a predictor of fetal development. Hompes et al. [8] , with 91 pregnant women who were recruited from a prenatal care clinic, confirmed that MFA had a significant influence on fetal weight and head circumference in the third trimester of pregnancy, but the reason for the negative effects that they found remains unclear. In this study, MFA was a significant variable in the multivariate model, regardless of income level.
Another controversy about health inequity is the notion that this research leads to another prejudiced causal relationship associated with the social class. However, we not only want to know the basic health differences, but also learn about social factors and their role in systematically influencing health.
These findings may help us to understand that the emotions of pregnant women may be different according to income level, and their effects on fetal development may also be different. Therefore, it can be suggested that emotional management may be more important in low-income mothers than high-income ones. However, we conducted the study with participants from a single hospital and there were no low-income mothers in the sample. Therefore, the size and representativeness of the sample may somewhat limit these findings. To develop a full picture of how mothers' emotions and fetal attachment are associated with fetal development, additional studies are needed with larger and more diverse populations, including low-income mothers.
Conclusions
The aim of the present study was to identify how mothers' emotion and MFA are associated with the development of the fetus during pregnancy by income level. The results of this study show that middle-income mothers' depression and stress levels were found to be statistically significantly lower than that of the high-income group, and positive emotions and fetal attachment were lower than that in the high-income group, though there was no statistical significance in the latter case. The second major finding was that the middle-income group showed a significantly positive correlation between fetal weight and BPD at 33-35 weeks of pregnancy and between the mother's negative emotions and MFA level at 16-20 weeks. Multiple regression analysis revealed that fetal development can be increased in the mothers who have more MFA. Moreover, this study strengthens the idea that the emotions of pregnant women may be different according to income level, and their effects on fetal development may also be different. Therefore, it can be suggested that emotional management can be more important in low-than high-income mothers. A further study with a larger sample and diverse settings, including low-income mothers, is therefore suggested.
